Abstract. Four topics developed in our group are presented. They deal with i) 1,4-dithiafulven-6-yl subtituted TTFs or analogs of TTF behaving as space extended, S-rich and hypervalent strong π-donors, ii) fullerene C 60 -TTF assemblies prone to undergo intramolecular electron transfers, iii) O, S and N crown ether-TTF assemblies, behaving as redox switchable metal cation complexing agents, and iv) dendrimeric molecules end-capped with 12 TTF groups, able to develop intra and interdendrimeric electron and charge transfer in their ½ mixed valence state. Hence, the synthesis, electrochemistry, spectroscopy and physical or chemical properties of these systems will be presented.
INTRODUCTION
Over the 25 years past period, our group has been involved in the synthesis and properties of new tetrathiafulvalenes (TTFs), and here, we have selected four families of such derivatives.
The first one deals with bis or tetrakis (1,4-dithiafulven-6-yl) substituted TTFs, or dihydroTTFs, or vinylogs of TTF. These compounds have been designed to behave as strong and hypervalent donors, prone to favour bidimensional (2d) solid state networks in their cation radical salts, thanks to the increasing number of intra and interchain S…S contacts.
The second family corresponds to molecular assemblies between TTF as the donor and C 60 fullerene as the acceptor, linked together through 2 methylene bridges; they have initially been designed in order to be prone to thermal or photo-induced intramolecular electron transfer.
The third one lies in O, S and N crown ethers substituted TTFs, the crown being branched to the TTF core at its 4,4'-positions, the resulting molecules being expected to behave as redox switchable metal cations complexing agents depending on the charge of the donor core.
The last family deals with cyclotriphosphazene based dendrimers end-capped with 12 TTFs able to develop intra and interdendrimeric electron and charge transfer in their neutral and oxidized states, thus affording 3-dimensional (3d) electroconductive solids.2. RESULTS AND DISCUSSION
RESULTS

Bis and tetrakis(1,4-dithiafulven-6-yl) substituted TTFs derivatves and analogues
At the beginning of the study, the dithiafulvenyl groups, which mimic the half moiety of TTF, were selected as the substituents on parent π-donor TTF and their analogs, because they were allowing to build S-rich and space extended molecules (1-5, compound 2 having a satured bond in the TTF core, Figure 1 ) endowed with strong and hypervalent donor properties, able to give rise to electroconductive mixed valence salts of varied stoichiometries and of enhanced dimensionality [1] . Figure 1 . Representation of bis and tetrakis- (1,4-dithia-fulven-6-yl) TTF derivatives.
Their synthesis was simply standing on the Wittig or Wittig-Horner polyolefinations of di, tri and tetraaldehydes having the TTF (or dihydroTTF, or TSF), vinylogs of TTF or 1,3-dithiafulvene cores, with the Akiba's reagents [2], i.e. phosphoranes or phosphonate anions carrying the 1,3-dithiol-2-ylidene moiety adequately 4,5-disubstituted. All of the polyaldehydes were straightforwardly synthesized by interaction between the mono(diethyl)acetal of acetylenedicarbaldehyde [3] as the starting material with different S (or Se) nucleophilic reagents: i) ethylenetrithiocarbonate (or its Se elementologue), and coupling of the resulting compound with 2-oxo-or 2-thioxo-1,3-dithioles (and also ethylene trithiocarbonate) in the presence of trialkylphosphite [4] , ii) interaction with π-CS 2 complexes of iron and oxidation of the resulting carbenic complexes [5] , and iii) interaction with 3-thioxo-1,2-dithioles [6] and further thermal treatment, the acetal masked aldehyde functionnality being recovered in all instances by formolysis or hydrolysis.
All of these compounds indeed appeared as very strong and hypervalent π-donors, much stronger than parent TTF, with, for some of them, values of the first oxidation potential close to 0V/SCE (to be compared to 0.40 for parent TTF in similar conditions) and with up to 4 oxidation states (0, 1, 2 and 4) with 4 electrons reversibly exchanged (1, 1 and 2) whereas there are only 3 states for TTF (0, 1 and 2) with 2 electrons (1, 1) reversibly exchanged.
Upon electrocrystallization, single crystals of cation radical salts could be cropped. Thus, X-ray structure of the electroconductive (0.5 S.cm -1 ) salt having the 2,ClO 4 composition, exhibited a 2d network with strong intermolecular intra and inter chain S…S contacts [7] . Two other salts having a mixed valence stoichiometry and a bidimensional structure have also been obtained, but they are still under investigations because of the poor quality of the crystals (highly breakable character no allowing transport studies).
In fact, the vicinal position of 2 dithiafulvenyl groups in compounds 1-5 was constituting a drawback because of the possibility of intramolecular cyclization reaction during the attempts of electrocrystallization, with production of spiro derivatives having a spoiling effect [8] . It was demonstrated that this unwanted side reaction resulting from a prototropy of R 1 =H could be suppressed by changing the latter (originating from the aldehyde functionality) by R 1 + Thus were designed three related new families of donors, such as 6-8 ( Figure 2 ), having R 1 = Me, or R
-R = -S-C(-)=C(-)-S-and -CH=C(-)-(C)-C=CH
Compounds 6 could be simply produced by replacing acetylenedicarbaldehyde monoacetal by hex-3-yn-2,5-dione. They also behave as very strong and hypervalent donors, cyclovoltammogram exhibiting up to 6 oxidation states (0, 1, 2, 3, 4 and 6) with 6 electrons reversibly exchanged (successively 1, 1, 1, 1 and 2), [9] .
For the synthesis of compounds of families 7-8, in the first step, quinones were cycloadded according to Diels-Alder reaction to exocyclic-1,3-heterodienes or -dienes, respectively 2,4,5-trithioxo-or 2-oxo-4,5-dithioxo-1,3-dithioles and to 4,5-dimethylene-2-(thi)oxo-1,3-dithioles, the latter being generated by reductive elimination of dibromine induced with naked iodide (Et 4 NI) on 2-thioxo-or 2-oxo-4,5-bis(hydroxymethyl)-1,3-dithioles. Finally, both quinone functionalities could be olefinated with the phosphonate anions after temporary conversion as diketones to suppress accepting properties by cycloaddition with cyclopentadiene, and in some cases, the 2-oxo group grafted on the 1,3-dithiole ring could also be olefinated with access to T shape compounds such as 8T after thermal extrusion of protecting cyclopentadiene [10] . Compounds such as H shapped 8H could be produced upon P(OEt) 3 thermal dimerization-desulphurization and thermal aromatization of the products having the thioxodithiole functionality [11] .
Although their good and hypervalent π-donor abilities, and despite a lot of attempts, until now, no one of these new donors could afford single crystals of corresponding salts by electrocrystallization.
Molecular TTF C 60 assemblies
We focused on the synthesis on assemblies of TTF as the donor and C 60 as the acceptor, both antagonistic counterparts being linked together through 2 methylene bridges ( Figure 3 ) [12] . For their synthesis, we started from 4,5-diakylsulfanyl-4',5'-bis(hydroxymethyl)TTF for 9 and from tetrakis(hydroxymethyl)TTF for 10. These alcohols were first brominated with PBr 3 and the resulting bromides were treated with naked iodide (KI, 18-crown-6) in toluene, in the presence of an excess of C 60 . By the way, intermediate exocyclic dienes produced by a reductive elimination of dibromine, i.e. dimethylene(diH)-and tetramethylene(4H)-TTFs, cycloadded, according to DielsAlder reaction, to C 60 , giving rise respectively to monoadducts 9 as the main products (with little amounts of di, tri and tetraadducts to C 60 ), and to dumbbell 10.
Besides cyclic voltammetry, all compounds were characterized by usual spectroscopic methods, and in particular, electrospray was found as the best technique for mass spectrometry of dumbbell molecule. Thus, by cyclic voltammetry, the redox system of TTF together with that of C 60 were found, first oxidation peak of TTF and first reduction peak of the fullerene moiety were separated by more than one volt that which precludes any spontaneous thermal electron transfer between antagonistic redox counterparts. Coupling epr spectra with electrochemistry, C. Rovira and J. Veciana confirmed the structures of our compounds : by electrooxidation, the radical cation generated on the TTF core was coupled with axial protons of the methylene bridges and thus were appearing as triplets in the cases of 9, and as a quintet in the case of dumbbell 10, whereas upon electroreduction, the uncoupled fulleride radical anions were appearing as singlets in all of the cases. It should be added that these assemblies were insulating, and that photoelectron transfer could be evidenced by photophysics mesurements carried out by Pr Ito [13] .
Crown ether substituted TTFs as metal cation sponges electrically addressed
Our idea was to realize cation sponges electrically addressed according to Figure 3 . Branching a crown ether onto TTF, it was expected that the system would work as such, if the crown branched to TTF had been well designed (O, S or N-nature of the heteroatoms, length of the crown) in order to strongly complex (K 0 strong) a given metal cation when the TTF core is neutral; upon application of a positive potential, the latter turns monopositive and, thanks to electrostatic repulsions, one can expect a diminution of the complexation (K + <<K 0 ), and if the potential is still increased, one reaches the dicationic state of the TTF core so that Coulombic repulsions increase and the cation is expelt out of the crown (K ++ =0), such a principle being summarized in Figure 3 . Therefore, a priori, such systems can be very useful as metal cation electrochemical sensors, as well as electrochemical metal depollution or extraction machines.
Figure 4. Principle of working of a crown ether TTF as metal cation sponge electrically addressed
In the litterature, a lot of works had been devoted in order to realize such systems. Most common designs consisted to branch the crown ether at the 4,5-positions of the TTF core, but, to our idea, this way was not relevant to clearly observe a switchable behaviour given the weak values of the coefficients in the outer C=C atoms of the HOMO in TTF. Therefore, we decided to branch the crown ether steping across the TTF at its 4,4'-positions: given the large value of the HOMO's coefficients at S1 and S1' and at C2 and C2', strong coulombic interactions were hence expected between the positive charges of the donor moiety (when oxidized) and the complexation cavity. Additionally, we took care to realize the substitution with large enough sized crowns allowing not to distort the plane of the TTF, thus maintaining its electrochemical integrity. The studied S, O and N crown molecules [14] are represented in Figure 4 .
Figure 5. O, S, N crown ether TTFs designed as cation sponges electrically addressed
Target molecules were synthesized according to Becher's methodology based on deprotection of bis(cyanoethylthio)TTFs in basic medium followed by electrophilic substitution of the thiolates with ω-diiodopolyethers in the O series, or, for the S and N series, with ω-dibromides giving rise to bis(ω-bromoalkylthio)TTFs and further treatment under basic conditions with ω-disulfidethioethers, or ω-diamino compounds. Thus were obtained O, S and N crown ethers TTFs in fairly good yields, with predominance of Z isomer over the E one.
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The complexation studies were first undertaken by cyclic voltammetry. With the O-crown of Zconfiguration (with 5 oxygen atoms, i.e. n=3) for which X-ray structure exhibited a rather good planarity of the TTF core, usual CV was presenting 2 reversible oxidation peaks. When aliquots of BaClO 4 were added portionwise, an anodic shift of Epa 1 was found until 1 equivalent of Barium was added, but Epa 2 was remaining constant whatever the subsequent added amount of BaClO 4 . This behaviour was consistent with the scheme given in Figure 3: . Of course, this very promising topic is currently highly developped in our laboratory by the team of Pr M. Sallé.
4 End-capped dendrimers with 12 TTFs
Most of the organic metals of the TTF series possess properties of one-dimensional (1-d) conductors because the holes mainly travel along the columns formed by the π-stacking of the planar conjugated molecules in a mixed valence oxidation state.
Although a number of TTF end-capped molecules had already been prepared, only in one instance some of their electroconductive charge transfer salts with TCNQ had been reported. We decided to undertake the study of some new TTF end-capped dendrimers, and in particular of their ½ mixed valence salts with a closed shell anion in order to determine if they were electroconductive and then, if it was possible to determine the dimensionality of their charge carriers (expected to be equal to 3 given the isotropic geometry of the dendrimers). On these grounds we have prepared cyclotriphosphazene based dendrimers D, end capped with 12 TTF through varied spacers, and for studies of the electronic spectra of their varied oxidation states, we have also prepared the corresponding molecular methyl esters M having the same spacers ( Figure 5 ). For the spectroscopic study, we used D and M in solution of mixtures of acetonitriledichloromethane and added a solution of PhI(OAc) 2 and CF 3 SO 3 H as the oxidizing reagent, knowing that 1 mol of iodo derivative traps 2 mol of electrons [15] . Thus, portionwise additions of the oxidant afforded solutions of the species successively in their ½ mixed valence, radical cationic and dicationic states. Additionally, solid ½ mixed valence salts D 6.+ could be precipitated and isolated by addition of diethyl ether; their r.t. conductivity (ca 10 -6 S/cm) was found 10 3 larger than that of neutral D and their electronic spectra was very similar to that observed in solution.
In solution, for the radical cations of D and M, wavelengths characteristic of their π-stacking were appearing at 780, 520 and 400 nm. It was observed that for molecular M .+ , the related intensities do not obey Beer's law (obviously, there is dissociation of the π-stacking by dilution) and this was not the case for dendrimeric D 12.+ (strong intradendrimeric π-stacking, without their dissociation by JOURNAL DE PHYSIQUE IV 410 dilution). For the ½ mixed valence states, characterized by charge transfer (CT) bands at 1600-1700 nm (wide) and 780 nm, in the case of M 2 .+ , the related intensities did not obey Beer's law (also dissociation of the CT interactions upon dilution), thus when the concentration was divided by 2, optical densities were divided by 3; in the case of D 6.+ , the related intensities also did not obey the Beer's law but with lower deviation, since when the concentration was divided by 3, the O.D. was divided by 2.4 only, this result suggesting mainly intra but also some inter-dendrimeric CT interactions. In conclusion, although found in solutions, these results suggest that some charge carriers in electroconductive TTF end-capped dendrimers have a tridimensional character [16] .
